Introduction
The past few years have seen several substantial advances in our understanding of the importance of micronutrients in child health nutrition. Although, historically child nutrition in developing countries has focused on protein and energy sufficiency, more recent efforts have been made to evaluate and eliminate micronutrient deficiencies (Hendler and Rorvik, 2008) . Micronutrient deficiencies are prevalent in during infancy and childhood, particularly in developing countries, when there is rapid growth and a concomitant high nutritional demand. Other vulnerable periods are adolescence and pregnancy. Among Micronutrients, iron is the most common nutritional deficiency and is the major cause of anemia (International Zinc Nutrition Consultative Group et al., 2004) .
Iron is an absolute requirement for most forms of life, including humans and most bacterial species. Because plants and animals all use iron, iron can be found in a wide variety of food sources. It is essential to life because of its unique ability to serve as both an electron donor and acceptor. Iron can also be potentially toxic. Its ability to donate and accept electrons means that if iron is free within the cell, it can catalyze the conversion of hydrogen peroxide into free radicals. Free radicals can cause damage to a wide variety of cellular structures, and ultimately kill the cell (Crichton et al., 2002) . Another micronutrient of concern is zinc. Despite of the lack of reliable markers as one of the main limitations of accurately determining the prevalence of zinc deficiency, evidence from supplementation studies and community-based investigations suggest that zinc deficiency can be as common as iron deficiency (CastilloDuran and Ruz, 2004) . Zinc is one of the essential trace elements and, a member of one of the major subgroups of the micronutrients that have attained such prominence in human nutrition and health. Even a partial understanding of the fundamental importance of zinc in cellular growth and differentiation alerts us to the special vulnerability to an inadequate supply of zinc of the rapidly growing embryo, fetus, infant and young child (Hambidge, 2000) .
Zinc is essential for synthesis of coenzymes that mediate biogenic-amine synthesis and metabolism. Hence, Zinc is essential for brain development and function (Sandstead, 2003) . The impact of zinc on growth was first described in humans in adolescent populations in Iran and Egypt. In these studies, young adults was presented with a syndrome characterized by varying degrees of growth stunting and delayed sexual maturation (hypogonadal dwarfism) (Henwood and Binkovitz, 2009 ).
Aim of the Work
To study iron and zinc status among 12-16 years children with short stature for age.
Material and Methods

Study design and time:
A case-control study was conducted from April 2014 till October 2014.
Study population and setting:
The study population consisted of 12-16 years old children free from chronic diseases like diabetes and cardiovascular diseases.
According to the height-for-age index, cases were children with short stature for age attending the outpatient clinic of endocrinology department at Ain Shams University Hospital. Controls were matched group of normal height-for-age attending the outpatient clinic for another cause.
The height-for-age index provides an indicator of linear growth. Children whose height-for-age measures are below minus two standard deviations (-2 SD) from the median of the reference population are considered short for their age, or stunted (WHO, 1995). Accordingly, a systematic random sample of 40 children was selected from hospital records (20 cases and 20 controls).
Sample size was calculated guided by 95% confidence, 80% power and an accepted margin of error of 5%. The following formula was used for sample size calculation: N = 2 (SD)² x f (α, ß) where D² N = required sample size per group SD = standard deviation of measure f = a factor corresponding to the specified α and ß error (function table)=7.9 D= the least significant difference (Hamburg, 1985) Study methods:
All participants enrolled in the study were subjected to the following: Blood samples, were collected in the morning, it consisted of plasma centrifuged from full circular blood.
-Iron Concentration:
Reference Value: Serum Iron (SI): Children: 50 to 120 μg/dL (Ginder, 2011) . Procedure: Iron concentration was determined by colorimetry with bath of phenanthroline. Transferrin-bound iron was released using sodium dodecyl sulphate (SDS) and reduced to Fe2+ using hydroxylamine (Skrzypczak et al., 2009 ). The reagent samples were incubated at 37°C for 20 min. The absorbance read reagent sample at the wave length λ=535 nm. Iron concentrations in the plasma were read from the calibration curve (Lai, 2012 ).
-Zn concentration (Zinc assay Kit):
Reference Values: reference range ≥ 11 years: 0.66-1.10 mcg/mL i.e. (60-120 µg/dL) Procedure: Three (3) samples of acidified zinc solutions were provided for analysis, labeled A, B and C. The concentrations of each solution were provided by two methods; Titrimetry and Flame atomic absorption spectrometry, to ensure the accuracy of the generated results.
-Serum Ferritin:
Ferritin is primarily an intracellular molecule that stores iron in a form that is readily accessible to the cell. The functional molecule, which is composed of 24 chains, is roughly spherical and contains a central cavity into which the polymeric ferric iron core is deposited. Serum ferritin is easily measured using an inexpensive and commercially available kit. Repeated measurements of serum ferritin levels can be easily carried out to allow regular monitoring (Jensen, 2004) .
Normal ranges of serum ferritin:
The ranges for ferritin can vary between laboratories but are usually between 30-300 ng/mL (=μg/L) for males, and 6-115 ng/mL (=μg/L) for females (Ginder, 2011) . The range in children (above 6 months) is 7-140 ng/ mL.
-Total iron binding capacity (TIBC):
TIBC is a medical laboratory test that measures the blood's capacity to bind iron with transferrin. It is performed by drawing blood and measuring the maximum amount of iron that it can carry, which indirectly measures transferrin since transferrin is the most dynamic carrier. TIBC is less expensive than a direct measurement of transferrin (Yamanishi et al., 2003) .
Normal Results: TIBC: 240-450 mcg/dL and Transferrin saturation: 20-50% (Ginder, 2011) .
Data management:
Data entry and statistical analysis were performed using SPSS program version 20.The data collected were analyzed by descriptive as well as inferential analysis. The significance level was set at P < 0.05.
Consent
Authors declare that a verbal consent was taken from the studied groups before starting the research work. Confidentiality was maintained.
Ethical approval
The study protocol was approved by Community, Environmental and Occupational Medicine, and Internal Medicine Ethical committee, Faculty of Medicine, Ain Shams University, Cairo. Table 1 show that there is no significant difference between both groups (p > 0.05) on comparing the mean age. There was also no statistically significant difference in gender between both groups.
Results
Regarding the anthropometric measurements; the height and the weight were lower among cases compared to the controls with significant difference between them (p<0.05). Table 2 shows that the average consumption of red meat, egg and dairy products among stunted cases were lower compared to controls with statistically significant differences between them. On the other hand, the intake of cereals, bread, fresh vegetables and chips and similar snacks among stunted cases were higher compared to controls with statistically significant differences between them. There were no statistically significant differences between both groups regarding consumption of poultry, fish, fresh fruits and soft drinks. Table 3 shows that 2 cases had positive parasitic infection among control group, while 3 cases show positive results in study group, with no significant difference between both groups regarding the stool analysis (p > 0.05). Table 4 shows that, mean HB concentration and RBCs count , serum iron, serum ferritin TIBC and serum zinc were higher among controls when compared to cases with statistically significant difference (p <0.05). The mean WBCs count was 5.82±0.69 among controls, compared to 5.36±0.71 among cases with no statistically significant difference. Table 5 shows that there was a significant positive correlation between serum iron level versus hemoglobin concentration and WBCs count (r = 0.91 and 0.96 respectively), while there was no statistically significant correlations between it with weight or height of stunted children (p>0.05).
There was a significant negative correlation between iron binding capacity of stunted children with their hemoglobin concentration and WBCs count (r = -0.95 and -0.92 respectively). However, there was no correlation between it and weight or height (p>0.05) of stunted children.
There was a significant positive correlation between serum ferritin versus hemoglobin concentration and WBCs count (r = 0.96 and 0.70 respectively), while there was no statistically significant correlations between it with weight or height of stunted children (p>0.05).
There was a significant positive correlation between serum zinc level versus hemoglobin concentration and WBCs count(r = 0.90 and 0.76 respectively), while there was no statistically significant correlations between it with weight or height of stunted children (p>0.05). Table 6 shows that males had higher hemoglobin concentration, RBCs count and serum iron compared to females .On the other hand, there was no significant difference between males and females as regard other variables (p>0.05).
Discussion
Stunting is a process that can affect the development of children from the early stages of conception until the third or fourth year of life, when the nutrition of the mother and the child are essential determinants of growth. Failure to meet micronutrient requirements, a challenging environment and the inadequate provision of care, are all factors responsible for this condition that affects almost 200 million children under 5 years of age (Branca and Ferrari, 2002 ).
This study was carried out on 40 subjects, twenty of them were suffering from short stature for age (cases) and the other twenty children were normal stature for age according to height-forage growth chart (control). Both groups were matched by age and gender thus there were no statistically significant difference between them regarding age and gender.
Regarding the anthropometric measurements of children in both groups, the weight appears to be lower among cases and not only their height with statistically significant difference. These findings were in agreement with a study by Madan et al. (2011) who found that weight and height in study patients (short stature) were lower than control group, thus they commented that delayed development in short stature children was not including only the height but extended to weight also. This finding may be explained by environmental and nutritional factors that play apparent rule in limitation of the normal growth process.
Regarding the nutritional history of the study groups; stunted cases were found to have lower intake of animal proteins (red meat, egg and dairy products) compared to controls. On the other hand, stunted children had higher intake of cereals, bread, fresh vegetables and chips and similar snacks than controls which reflect the high carbohydrate and low protein diet of stunted cases compared to controls. The micronutrient density of such diet is low, and the high phytate content impairs micronutrient absorption, resulting in a high risk of inadequacy of micronutrients like zinc and iron. These findings are consistent with a study by Friis et al. (1997) among Zimbabwean school children; they found that stunted children were malnourished and that they had high carbohydrate and cereals diet replacing balanced diet.
Results revealed that there was no statistically significant difference between both groups regarding the stool analysis results. This finding may exclude that parasitic infestation is the cause of short stature in the studied group. In agreement with this study, Nwosu and Lee (2008) found that GIT diseases, especially malabsorption and malnutrition were the commonest chronic problems causing short stature in their study.
The mean hemoglobin concentration and RBCs count were significantly lower in short stature cases than in control group. This finding may be explained by the lower serum iron level which is the key part of hemoglobin and RBCs among those cases.
In addition to the lower serum iron level, serum ferritin and zinc levels were also significantly lower among stunted cases compared to controls. On the other hand, TIBC was significantly higher among stunted cases compared to controls. These results agree with the study of Perrone et al. (1999) , who found that ferritin and serum, erythrocyte and hair zinc contents were significantly lower in short stature children than in age-matched controls. They also found that Iron plus Zinc supplementation caused an improvement in growth rate in all subjects. Another study by Kodama (2004) revealed that 60% of short-statured children without any endocrine disease were found to have zinc deficiency, and zinc administration was associated with an increase of body height. On the other hand, Sachdev et al. (2006) , who performed a systematic review of randomized controlled trials (RCTs), did not document a positive effect of iron supplementation on the physical growth of children. Anderson et al. (2004) study the effect of zinc on nutritional and biochemical parameters among children aged 12 to 59 months. Baseline serum zinc levels were low in stunted groups.
Zinc and iron are considered very important micronutrients that could change not only the physical and anthropometric status but also mental and physiological status, as zinc is essential for more than 300 enzyme activities. Stunting and poor growth are considered one of the most striking problem among children. This conclusion is supported by several clinical trials which study the effect of zinc and iron supplementation on physical growth. Perrone et al. (1999) in their study found that zinc supplementation significantly improved growth (weigh-for-age Z score (WAZ) and knee-heel length), and that iron supplementation significantly improved knee-heel length and psychomotor development compared with placebo. A meta-analysis of 33 randomized intervention trials showed that zinc supplementation produced highly significant positive response in weight gain as well as linear growth (Brown et al., 2002) .
Serum iron, ferritin and zinc levels were positively correlated with hemoglobin concentration. This finding reflects the possible synergistic effect of zinc in case of anemia. Iron deficiency anemia was the most prevalent non communicable disease among children in Egypt, this means that any management of iron deficiency anemia shall include additional trace like zinc supplementation. These results was supported by the results of Allen (2008) , it included a trial for micronutrients and zinc supplementation. His study revealed that there was a direct correlation detected between iron and zinc versus blood indices. Serum iron, ferritin and zinc levels were also positively correlated with WBCs count. This finding reflects the direct relation between these trace elements and the immune status of the studied children. A vicious circle may occur due to malnutrition that leads to impaired immune response to the common infections in addition to other non-communicable diseases like cancer. The resulting infections may in turn lead to malabsorption and increase the severity of malnutrition. This finding agrees with a study by Hettiarachchi et al. (2008) which proved the efficiency of zinc and iron supplementation on the immune status among children in Sirilanka.
On the other hand, there was no correlation between serum iron level, serum ferritin and serum zinc levels of stunted children and their anthropometric measurement. These results agree with a study of Amare et al. (2012) who found that, although serum iron and zinc were statistically lower in stunted children than in control group, no statistically significant linear correlation was detected between either zinc or iron versus anthropometric measures of stunted patients. This may be explained by the fact that physical growth of children represented by their weight and height is not only related to the micronutrients but is multifactorial in origin and many other factors may play a role. No statistically significant difference was detected between males and females regarding serum zinc and iron levels (p>0.05).
Conclusion
Serum iron and zinc levels were significantly decreased in stunted children compared to normal children and their levels had positive linear correlation with hemoglobin concentration and WBCs count.
Recommendations
According to the results of the current study, it is recommended to:
Develop a national program for supplementation of not only iron but also zinc for school children Develop a health education campaign for awareness of the importance of micronutrients especially iron and zinc for prevention of short stature
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